S
TRONG shock waves in the ra~e gases are often luminous,1 though the flow behmd them may not be. The experiments reported here were performed to discover the mechanisms responsible for this luminosity, which was first identified as C2 and CN band emission by Turner 2 ,a and by Rosa. 4 Turner ascri?e~ the .C z emission to collisional excitation of orgamc Impunty fragments. Rosa found that, when organic impurities and air were present with argon in the expansion chamber gas of a shock tube, C 2 emission maxima occurred nearer the shock front than CN maxima. Previously, Green 5 had found that strong shocks in p~re BrCN gave peak emission of the CN bands earher (by about 6 j..tsec) than the intensity maximum for C2 bands. The implication of these results is that peak emission near the shock by a configuration of atoms already present in the cold gas will generally precede (by a time of the order of j..tsec) emission from molecular species which are created behind the shock by recomb ina tion.
For shocks in the rare gases, we have found that, within our time resolution of 1 j..tsec, emission arising solely from recombination-formation of C2 and C~ can have peak intensity at the front, and that there IS no qualitative difference between C2 emission-versustime profiles of this type and those occurring when C-C bonds are originally present in the gas. This has been done by including small amounts (pi"'10~2 to 1O~1 mm Hg) of CH 4 , C 2 H 2 , and mixtures of CH 4 and NHa in the expansion chamber gas (neon at ",10 mm Hg) prior to the shock arrival. This technique results
in two types of flow luminosity: (I) transient C 2 and CN emission at and immediately behind primary and reflected shocks, and (II) atomic and molecular emission behind reflected shocks which is steady after the ionization relaxation time T has elapsed; the temperatures are high enough that hydrogen and carbon lines, and C2 and CN bands are easily visible (see Fig. 1 ). The remainder of this letter is devoted to the transient primary luminosity as it occurs in certain recombination experiments with CH4 and CH4 -NH a .
In Fig. 1 , the left-hand pictures are distance-time photographs of the flow, taken thro~g~ a. narrow slitwindow parallel to the flow; the silt IS Imaged on a moving film. The right-hand pictures are time-resolved spectra taken perpendicular to the flow direc~ion, 4 em from the end of the tube, so that both the pnmary (1) and reflection (2) luminosities are seen. The spectrograph speed is about //5. In (a) and (b), respectively, primary shock velocities are 3.318 and 3.373X10 5
. em/sec, initial pressures po are 7.827 and 7.788 mm ~g of neon with impurity (including '" 1O~2 mm Hg aIr leak), and temperatures To are 300.~ and 299.2°K.
Approximate conditions behind the pnmary waves are Pi",530 mm Hg, T 1 ",5000oK, and behind the reflected waves P2",2900 mm Hg, T 2 ",1l OOOoK. The primary flow velocities Ul are about 2.5X 10 5 em/sec; UO=U2=O. Microphotometer tracings of both x-t pictures show that the transient molecular emission has a highintensity peak at the primary shock and decreases in intensity behind the shock. The spectra shown are not sufficient for demonstrating the true emission-versustime profile because the length of the spectrograph slit image causes a time smearing. These spectra serve only to identify the radiating species. The existence of band emission by recombination at the primary shock implies dissociation'of CH 4 and NHa immediately upon entry into the shock front. The ordered motion of the primary flow makes the average energy available in collisions between rest gas molecules and primary flow atoms about twice that available within the primary flow at the temperature T I ; therefore, immediate dissociation of molecules at the shock is reasonable. Molecular emission near the front and its later extinction cannot result simply from an overshooting and subsequent re-establishing of the dissociation equilibrium appropriate to the temperature T I , since the degrees of dissociation for C 2 and CN are roughly 0.9 in the primary flow.
We believe that the sequence of events following the entry of molecules into the shock front is as follows: (1) CH 4 and NH3 are broken apart, leaving large numbers of C and N atoms in those states E' appropriate to combination into excited states of C2 and CN; (2) this combination takes place and is followed (in'" 10-8 sec) by radiation of the molecules into their ground states; (3) these ground-state molecules are dissociated into atoms whose states E do not allow recombination into excited molecular states; (4) the total emission gradually fades because there is no re-excitation mechanism for electronic transitions E-'>E'.
Flow variations arising principally from viscosity may be responsible for some details of the primary luminosity; however, in experiments with weaker (non luminous) primary shocks, the associated reflected shocks possess the same type of luminosity profile we have discussed. 
